I PROPOSE to compare the respective methods of infection in the Eustachian tube with that of the pulmonary tract, which, after the protection of the regulating valve of the glottis, opens into open and almost fixed tubes, and then into the bronchioles, which contract or dilate and regulate the admission of air into the alveoli where the limit of pressure is 019 mm.
The Eustachian tube is a diverticulum of the first cleft. It commences as a cartilaginous tube, in which the walls are in contact, exercising control of the entry of air and exit of mucus. Swallowing opens the tube.
With an open lumen the outer two-thirds passes through a bony canal, and expands into the middle-ear cavity-the antrum and pneumatic mastoid cells.
The upper respiratory tract and its sinuses are lined by ciliated epithelium from the anterior margin of the middle turbinal to the palate level. The bucco-pharynx containing the lower half of Waldeyer's ring is covered by stratified epithelium and is scavenged by either swallowing or screeding.
Septic processes, whether acute or chronic, set up by organisms introduced with respired air, result in a rhinopharyngitis. Worms and Le Mee say that the tonsils share with the mucous membrane the early incidence of infection, which subsequently extends to the lungs; in acute cases infection of the rhinopharynx and lungs may be co-temporary. Chevalier Jackson has said that chronic sinusitis and septic tonsils stand in a causal relationship to bronchiectasis. Sinusitis loads the nasopharynx with infected pus and infects the blood with organisms. Septic tonsils in the adult show ulceration just within the mouth of the crypt, and infiltration of the cryptal epithelium with lymphocytes, which are poured out into the saliva. Few organisms are seen in the crypts.
In the enlarged tionsil of the child there is hypertrophy of the adenoid tissue as a reaction to not very obvious sepsis of the crypts.
In the lacunar tonsillitis of middle age, the large crypts are full of various microorganisms, and even of actinomyces, but the ulceration and adenoid tissue is small, whilst scar tissue is pronounced. We know that cryptal absorption may lead to septicemia and other diseases, but, so far as pulmonary and aural infection is concerned, the evidence agrees with Flurin who states that rhinopharyngitis is localized in the tonsils.
For some years I have treated septic tonsils which are unsuitable for enucleation by cupping with a two-way cup exhausted by a pump, and the introduction into the crypts, by negative pressure, of an antiseptic-either hydrogen peroxide or 1: 10 camphorated phenol. During earlier treatment blood escapes from the ulcers, but these gradually heal, and finally no blood exudes during the treatment. The patients feel much better afterwards, therefore, presumably, absorption takes place in septic tonsils.
The efficient action of the nose is an important factor in controlling or diminishing attacks of rhinopharyngitis. The association of septic tonsils with nasal obstruction in the adult is well known, and the reduction of rhinopharyngitis on the correction of the nose and enucleation of septic tonsils is a matter of everyday experience.
Normal nasal inspiration yields air saturated with moisture, warmed, and free from ordinary dust and bacteria. Expired air is also free from micro-organisms, but talking, sneezing, and coughing distribute infected droplet spray up to 7 ft. The commonest method of catching a cold is to go from a heated crowded room into cold air. Such a room is full of droplet-spray and dust; the mucous membrane of the nose becomes dry and turgescent, and more mouth-breathing occurs; exposed to cold air the mucous membrane blanches.
Recently two types of inflammation have been described: (a) The leucocytic, characterized by polymorphonuclear and mucoid outpourings; this is the common catarrhal form and is followed by hypertrophy of connective tissue; it is said to be due to bacterial infection.
(b) The serous type, said to be of virus origin and, as such, to occur in influenza; it is characterized by destruction of epithelium and atrophy of connective tissues.
These two types approximate to the vasomotor hypertrophy seen in obstructed noses and to the dry and atrophic rhinitis usual in patent noses.
The milk we consume is pasteurized by the Dairy Companies; the water we drink is filtered and chloramined by the Water Boards. The external air of cities has improved, but crowded cars and dusty houses compel a real communism of micro-organisms.
(1) Infection by inhalation has latterly come to the front. Gond is of opinion that tubercle bacilli enter by this method: (a) Dust may be a factor either as a vehicle of the conveyance of microorganisms or as an irritant combining with bacteria causing infection. Jones has shown that sericite, a silicate of aluminium and potassium, an impalpable powder that floats indefiDitely in the air and is not brought down by water spraying, is the cause of miners' phthisis. The particles, 3 microns in size-abouit the length of bacilli-reach the alveoli and cause tissue change and the formation of fibrous nodules in the lymph-glands. Kettle finds that kaolin is equally dangerous and shows that its particles act as irritants and may be combined with the action of an organism, usually the tubercle bacillus. The concomitant effect of dust may be a factor in cases where massive infection was supposed to be potent. Thus a case of unsuspected cerebrospinal meningitis led to the examination of the orderlies of an isolated block; 13 out of the 15 orderlies were found to be carriers. On the other hand, the unmasked orderlies in a cerebrospinal ward where the windows were open were free of the meningococcus. (b) Interference with the efficiency of the cilia is also regarded as a factor, and Proetz and Negus have shown how dryness and acids put the cilia out of action. Noses with dry catarrhs do not, however, show greatly increased infection, except in the case of erysipelas.
(2) Direct extension occurs both in the pulmonary and Eustachian tracts. In a mild degree it follows many attacks of catarrh.
(3) Infection by way of blood and lymph. I do not propose to deal with this section except to note that Blake and Cecil have suggested that primary bronchial infection extends by way of the lymphatics to the alveoli.
(4) I do not propose to deal with sensitization or other biochemical factors. In the pulmonary tract ciliated epithelium extends from below the vocal cord to, but not including, the cubical epithelium at the alveolar entrance. Briscoe relates that this cubical epithelium has no resistance, while the alveolar epithelium is sluggishly resistant. Mucus and d6bris are normally carried to the level of the cords by the cilia, where the debris swallowed is small in amount and screeded if considerable. With inspiration the glottis relaxes and the bronchioles dilate; during expiration the glottis and bronchioles contract. At the beginning of inspiration the alveolar air leaves the alveolus and returns with the main inspiratory wave. In expiration the air first of all enters the alveoli and then leaves the alveoli during the main expiratory effort. In this way the pressure of respired air is controlled and its constituents mixed.
When inflammation affects the bronchioles, the resulting constriction, in addi-'tion to the normal contraction of expiration, reduces the air-way-with three possibilities:
(1) A slight narrowing produces the asthmiatoid wheeze.
(2) If the obstruction is increased the check valve is produced in which expiration is impeded. The obstruction to expiration results in dilatation of the alveoli, already softened by previous inflammation, constituting emphysema.
(3) The third of Chevalier Jackson's types is the stop-valve, in which there is complete obstruction in the bronchioles, causing collapse of the lung (atelectasis) and drowning by exudation. The pneumococcus causes such atelectasis and exudation (Henderson).
Jenner, a great opponent of specialism, attributed emphysema to cough; Chevalier Jackson, by bronchoscopic observation, has actually seen the process of obstruction.
As evidence of the frequent infection of the pulmonary tract, it will be noticed how in the later stages of an ordinary catarrh a patient coughs-an indication of the extension to the larynx and the trachea or even lower. Examination of the larynx and bronchi will show catarrhal changes. Radiograph has revealed infection in many unsuspected cases.
A doctor, aged 53, with rheumatism, septic tonsils, and deflected septum, underwent tonsillectomy and resection of the septum. Ten days later his temperature rose and a suppurating antrum full of thick pus was opened, with every precaution to avoid inhalation. Again what little evidence there is of the fatal bronchopneumonia which closes the lives of so many cancer patients! Gaskell has enunciated the view that the extensive change of lobar pneumonia and the patchy infection of bronchopneumonia depend on the. virulence and dosage of organisms. The modern tendency is to lay more stress on the virulence of the organism than on massive infection. A bronchopneumonia may be followed by the gradual development of (a) bronchiectasis a dilatation of the bronchial tubes with ulceration at the entrance to the infected area; this is either due to, or accompanied by, a formation of inflammatory connective-tissue outside the affected airways, or (b) a residual effusion into the bronchioles and alveoli of the affected area; this may be gradually resolved, or further infection may determine the formation of a lung abscess. J. M., aged 8, sent to me by Dr. Pearson, at University College Hospital. Bronchopneumonia three months previously, no cough, no fever; physical signs and radiography showed an unresolved pneumonia at the right base. A rubber-ended suction tube was passed into the area through a bronchoscope tube, and 1 oz. of turgid fluid was withdrawn; the fluid did not contain any living micro-organisms. The child improved but bronchiectasis was suspected. Such an effusion bears some resemblance to the chronic mucoid effusion of the middle ear.
The results of pleural effusions are not dealt with.
The Eustachian tube throughout its 11 in., and also the floor of the tympanum are covered with ciliated epithelium. The tube, middle ear, antrum, and pneumatic cells are derived from the first cleft. The attic is said to be cut off from the atrium by an inflammatory swelling of the folds of Trolsch, and the antrum by a swollen narrow aditus. As in the lungs, the peripheral section is the more vulnerable. Much damage may be done to the middle ear and there may be fatal extensions. Luckily the membrana tympani is a safety-valve for the commoner middle-ear infections. Some think that the antrum is affected in most cases of acute middle-ear disease and it is extraordinary how frequent is the tenderness in such cases over the antrum. Pressure on the tip of the mastoid is the more definite sign of involvement' of the superficial mastoid cells. Tension and want of drainage probably play more Bronchopneumonia of right lung-few physical signs. important parts than damming-off. An infected antrum with a dense mastoid exhibits more pain but less disease than one having the cancellous form. The posterior wall and superior quarter of the anterior wall of the Eustachian tube are covered by the pothook-shaped cartilage, while the anterior and interior walls, to which are attached part of the tensor and levator, are fibrous in character. The anterior and posterior walls of this section are in contact, and the narrowest part is near the outer end of the cartilaginous tube. On swallowing, the inferior and anterior walls are pulled forward and the tube opens. Variations in the entrance of air as indicated by Valsalva or by catheterization is heard as a gradual rush or sudden distension. Such variations may be heard in the two sides of the one individual. They are probably caused by swelling of the mucous membrane or collection of mucus. I have a patient who can normally Valsalva one side only, but subacute catarrh transposes the patency of the two sides. Toynbee's experiment, e.g.
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S&tion of Otology 225 swallowing with mouth and nose closed, followed by an ordinary swallow, is a more efficient way of opening the tubes than Valsalva. I have seen a case in which the Eustachian tube was so wide open that the membrana tympani moved in an outward respiration. Yet there was no obvious middle-ear trouble. The most definite factors in tubal infection are: (1) In the young, adenoid infection, particularly of the fossa of Rosenmuller where an adenoid mass is adherent to the posterior lip of the Eustachian cartilage.
A child with chronic suppurative otitis media had undergone removal of adenoids and tonsils but the fossa of Rosenmiiller was left untouched. The fossa was subsequently cleared and the ear healed in a month's time.
(2) In the adult, acute and chronic pharyngitis are the forerunners of tubal infection. In a case of phlegmonous pharyngitis in which it was necessary to palpate the nasopharynx, the forefinger could only just be introduced into that cavity. The Eustachian tubes were slightly fuller than normal and their margins were ill-defined. It would appear that direct extension, not air-borne infection of the infinitesimal air exchange, is the prevailing method of infection. The tube is further guarded from forcible inflation by the fact that it is impossible to breath while swallowing.
In the ear, by watching the drum-head we have a method of observing the condition of the middle ear, and such observations suggest that the state of the middle ear approximates to that of the nasopharynx. If the drum-head is examined about five days after an attack of nasopharyngeal catarrh it will be frequently noticed that the drum becomes swollen and red vessels appear along the malleus; all that the patient feels is a sensation of fullness or slight bruising in the ear.
In acute catarrh the Eustachian tube has control similar to that exercised by the bronchioles. Contraction of the tube dams off infections primarily, but when middle-ear infection has occurred opening the Eustachian tube is important to secure drainage of the middle ear. I have cut short such attacks of acute otitis media by injecting, per catheter, a few drops of glycerine acid carbolic, 10-1.
Infections of the Eustachian tube may be so severe that the Eustachian tube, middle ear, and external auditory meatus may be attacked at once in a way comparable to extensive pulmonary disease.
In the new-born infant the Eustachian tube is half the length of the adult's and is straight, not concave downwards. Further, the pharyngeal opening is at palate gastro-enteritis in infants, and probably produced directly by vomit passing into level, that is to say, lower. Maizels has reported cases of mastoiditis complicating the nasopharynx. Findlay states that suppurative otitis media is the commonest complication of bronchopneumonia in the child. It is probable that either both Eustachian and pulmonary tracts are infected from the nasopharynx, or sputum is coughed up into the nasopharynx; accordingly the ears of bronchopneumonic children should be examined, but no question of primary and secondary infection is involved.
The treatment, apart from correcting nasal obstruction sinusitis and septic tonsils, falls into headings:
(1) The hygiene of the upper respiratory tract.
Ung. hyd. nit. dil.
ss Menthol
gr. x 01. olivoe ad 3 j is painted one inch inside the nostrils every night. The oil is carried by the cilia into the pharynx and mixes with the mucus; menthol shrinks-up and anasthetizes the mucous membrane, while the mercury preparation increases the anti-bacterial properties of the mucus. This preparation not only protects the individual but renders him less infective to others.
In 1915 it was used in the meningococcal carriers when we were unable to obtain a positive cultivation for one week after treatment of a carrier with the oil. A saline lotion may also be given in the morning.
(2) Pharyngitis may be treated with collosol argentum, 1 : 400, sprayed. It is well to include the post-nasal space, larynx, and trachea in this treatment. If there is a trace of asthmatoid wheeze or a sense of obstructed bronchioles, sprays of adrenaline and ephedrine may be used in addition to the treatment prescribed by the physician: bronchovydrin is also helpful.
Vaccines as a prophylactic are useful in many cases. There is sometimes an element of gout in pharyngitis: this should be specifically treated.
(3) Reduction of chronic pharyngitis and emphysema. A slow deep-breathing exercise is employed; it consists of one inspiratory phase and two expiratory phases.
The inspiratory phase is deep; in the first expiratory phase the clefts between the thumbs and first finger forcibly compress the sides of the chest, in the second phase the hands slide down, and with thumbs pressed on the chest the outspread fingers compress the abdomen. In the expiratory phases the elbows are turned forward. By this method the movements of the chest and diaphragm are restored and the pharyngeal catarrh reduced.
The patient shown was treated in this way and improvement to pharynx, lungs and ears resulted. Incidentally he can now play two rounds of golf a day, and smoking does not make him cough.
